


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1984-06 


Using continuous voice recognition 
technology as an input medium to the Naval 
Warfare Interactive Simulation System (NWISS). 


Lombardo, John Philip 


Monterey, California. Naval Postgraduate School 
http://ndl.handle.net/10945/19605 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
(8 DUDLEY research materials and institutional publications created by the NPS community. 
«ist Spe Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS'‘s first 


INN KNOX appointed — and published -- scholarly author. 

| LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 























Py 


=. bl diate ee Po Tid | “* P3sa Gb atts ao as 
. a oe ee en ee Gee Carey eee wt ae} 7 
bef e : 


Teme at YP 





AP Pte dhe ad 7 ary tar tht del OL Fe ty ee pe 
ma La “pes a 7 ce Ama ; ee en pte OL ot Pry 
d * Me ee 
“PS RG args i é NE Ke 
y y ces are he *! LS * Rane, 
ae Pee Ye ey 





aaa} Lo ray pie he | 
tL ee TY 3 Hee eae flat 

Sree TRO ier 4 

ren re ise het J 


Weds Om, ae) Cie yy uy 
ae aL Bobo DB CUs Kite en ahs aes ie as a adn 
af edd eka Sr ay r Ree ee hy hat dao sr 422.2. A ee Lei 
a AA HT OED Sn Dee en Abort: 

a ae A“4,1 4, i 


an Leary a, 
















Sire ce x 
bree Eaters Farlow ’ 
part Ankle ae oe te eh : . 
Eres Poe Mar ors ST OT ee eae OL) 
x & 2 4 ba we, Ue arm rtp ery Say: r td I ad 
Pa ra veces Ha ‘3 ea ah ital ANd ne Pet tir 
Veoh oF din ar’ rf mt Ara ma CK ey su oe Pana 
‘fo iat gy Py ae 
+ co ar Ae te Pome See 
F - 4 
J f | re | a aL Yad 
S y TE os 3 r a is 
P = - rd es ar] , 
. a7 L . . 


i Ut TF Bey 
ean 


pe Le: Swit teks rar 
by Ready Se nea Ve 48 249.024 ewes achte ae o 
Awe ge ei ee tt Ey a a eeted lato Beet rake 
a} 


ory cd 8 ch 
- et) ot Per es BLT Roe aT ea f ‘ 3 
Ae. aes ‘ 4 























& eT 
. omaha aes aise a 

ety eS a ik para Bag y ie ace a SP rans ot eh AOE 
5 pare fi q «4 fe Ph ‘ 
4 f - Sy hal We At Pai as Ae ena 3 heen 'Y F ae ai aren betel as pee eC 4. Crary Aen iy 
: : Sar A Hs ton ‘ LeeLee tr oar RIC TATL RUD Bete hs hip, Aa Siw eka 9 ve ih : : q ws te 
oe AHS | RUT eh tr iat, os ary ay veo bite a eT Ar tf ee sat rer _ Py 
: , HUME Ss eae gy aes) eye UPS ae ta eh te aye Pe ernie Sr he , 
as ei ’ ee ¥ iF eA Pew GN G8ey ‘Ages Te. aa Ce PLPC rar ee ae Ler at Wehr Nida a) 
> ere) ape ea PO Pe er nT MS We ediben ae nen ery ache 
- pee PI kA Ree Jigen, Dm ree ih eee ey 
alt ee ea A td, ee Deaths eA Ty oy ay ge - 
ie ed 51 Mt Es rer ues 
Crip Rarer ae ot 














































































aC wey 
“em ery ar 


A oy) nd 
rie wea tates a wr ahh ‘ o 58 






_ A 4 he, a 
vicars at ie ne 

Cre er * cota brill ee oe | Cw Berens rap 
CAT rT oi Or xt: COR Che Py Ye Set Cae wt 
SE er 49 heb iad alt ee web 
7 An Pes i ate : A eae tare aL Te a Pi rkd 

erry ore 
eee Roane SRT 3. ed pe a 
Paar Ln AS % ia 


ea Ltt ao 
Stn) Me Pr Wir itatent 
ayes Ni tert) aug) 

; r are ih iS WO aie LTE RO rs etd oe ORT Peeiety 

> 70] 4 Ha } 5 
_* a | 


e yeep PRI pork hm 
ae + eka, alps Losi 
aed Oe ae TK) Cire AP 0241 sat, n mS 
- Hi etn ore cy Hie MN Reh. oe esac ay a i Reet 
ear ae FoR het ae Ba"t dmb me Det LL En ee Sekt Fy perk 
ae si rig u Sa eet Coe erie bet 4 or ae 4 ao e 
7 rt. ‘et hares tH “ Pa Waew Zar 5 os Dea al 
: : .ih Py As en FRED ie ae Agia by Stee em bie ee ae cs ihe aay ies 
F 1s ae Sees te 2s ak ; ok % tah ro ee bs eee rb Sa vee Sate ae ets bins Cs as iy oe Rabat 
7 + a Ce ae LPP Pee PO We, Wr Pe Se cr ay pea PR cine RON We is Pel bo LPL WN 
care ey S i ee Pa Fle i Wre eae melee eh tater are id eee Se PSE “Ve et eee oe fick Ms A AR pet rpc ES 2, th eee Ei tr Prater a rie 
FO ie Sa xX A ie Ne ee Oe sn PEON pee Pall Orit arth ages eh hy Ri Lid Or he LO ares rh iaapeogs se 
Te fe les i oe an ee berets 25% FORA Aly DES RES ite Brera aie einen DRE chy fy Ps vo ciiren a a eee ries P-rdedp-t cs pte bi? ela 
be D sh C gt c A reas rene tr} A y y is ; I banaets 
Lora Paes Pi oy a ie Ry Pui Pay rier . ieee LF we Rpt. fF os bode a Ae ai ni ie heise cian ea 
SOS CL we Pte Je er Ae Te ty ere PE A bet OLE rT a rv Sepa rarer Sys iontar == eon 
Ca tera) PA RB ete: SARA F Seer wor caramel 
aT eas Ss are" Pan ta we Aad » " ees 
Be 2 Uy U4 yy, eta Mohr tt hespeerts 
a eta are bond BS Nala ber . ri he roa bea! 3 
eae + ns 4 Yn rarer s op at ike $3" 4 iy i Renner 
+ ’ g é i 
‘ i Oe eee. be ea a ie aS ara po ra ty OR hii me 
4 f oe SiO ot PW a ee 
Ls . 5 - 


en ah rhs oy 
oe ek eres mhcas a, re 
Ae pes 2 arses 












oT 
5 be Nee Cea ie 
a Se | 
J . Le 2 bs 
eed . - 


Pa 
A aoe eA 












Aran? 















med 





” 
4 














Shara 
proba ah erty 
i tinipanse hedewsereben malt 
eh eet ts 1 | 
















a 
hs Dds Ji 





— 
‘4 fy 
. 















































































ek cL) 
“ Fi as Puts hee ti 


Sa 
t SOR eon Pe) eer cya Hb EP hee 
ae ee b a th 


hn) Een ok. 
nN CO LA ie ae Pee Sea ast, 
cB a Uae 4 tl A x 


- 
. 
> 


3 

Ch OLA 8 geass fe Pa tc arial 
ser Cae ee Pe sist TSE a 

ie es st =i a a7 Parte ates fs 

a Ya sao PY Sas al aa malt 
Ae) Pee Le Se Pa ee Pe Sn Ae ey v3 oe at 
Ot Cae hie Pe eh] bak ake ree ce Lea eee ae Cer 

Fr LE, Oe Dore Pry oe Se at 9 eae Pert tear) wry 

une ae 3 


hey, See mr bert or 4 
pe oe ae Wiig Ws tela rig, 


LF 

errors Ato bh R | aN ay 
ea awe) a i ae ey Abr Pa a tons ah Uae agnosia ut 

AM ah YS eae me Sfoidy oath, bi ead 


re ae at 
ar een ow eeati tie ar er Seen Sao 
ht tint EY bea a, bY ae ce he Tee ys a rr "Xda ay 
: Poke 454 Fh Natit Me ane, rt ae ae 
tae acho pre ee} Rist rae 
- x * bad Ba a Laie LP ere vm fe ee ae 
a) “ 5 ‘ brs as ares Pewee - 
y : m i LAPS dace take TET ER <4 as 
Pre Pad s . ei a ine ts 4 oa en co 5 
+e t we 5 hace aver, Es Ph Td he Nal oe aT. ha cy “Ke apes . 
a 7 , on . > Hae al Ae Pk ae 
q , A re c " ee 
eas. Ne Dn) ta es mt erie 










Lael 
: ulna a 
iat vA et nea Sn esc hr aer 
ne cs ah Lt Hi i gb Se iS ver Ze i how ts eam rants 
ed . pers 4) yh Renee ces oe ed 


ie Cty, 


A Pen Bisson Sp irerhet ee 


ho 
sta aja nv ane ee" Wher deta pone soar ae 
5 i Daa yee ca ie 
aoa Pa ne he pare, ror vn i aglt ey OT eres 
i cen eh carerees 7 nes 
EahGs roe eR Vaticdr hear estate een 
, ins yy a ts enn Mitte dette te | hy 5 Pie 
i. 1 i Sr are a ib See eta 7a etn bre "hy 
oe ae a mapas ah bin eh teh a9 Joey! 
ea oe ne pee be re) ha] od 
Cot tees cee 
Eo tee eT a 
sitet fen 
rmehs Ra sh OMe A eae tte 
ae 
Regd comin ee Wa he nak, Vom says uy he 
Disk = yf ee (cae Reach Othe oecagte 4 Pr eae YS ota 
s , Ni dede seed oP bed AYIA 2 te ae ie NS rite Yatem in ie 
bres at Mapas era ee SE SES CMe eh Reap 2s) eae ee 
ta "Oy ag Crete | eH », tg tala 4 cae ee eet Pur Ecsite 
ies Pant cesta Whee. y "train: wd 
Sete tte ees rea Sea $a 
itd om Te Pa eh at nef et had Lays Wa ee oe 
ie: bra met a Tit ra Fe pa mL hinted eet 
ners Wek AA Ras Pas Cicer cee fet A Sd: nary ae 
re Bw rss A Ue oon Agha a Ay th awk tits, po ye 
tees ae ia PEP ANE B54 besaicy eres ne ia ae 
rey Kec oe bicker te LS Corer} Dae) cae 
Lt ene er has ates 5, 


“Ome 
doe) PL se i ivr) ty re 4 
bead LA } or a3 « 


Sy Ce ne 
a Se Par 

a wy a » Fea] A + Den zm es 
ee ee 






Pan 








“WU ek oe” Pe of 
j We san Uae alt Aer yA a eae a 
oom gi, Ya 


ae bas 
rt 












Py dace Pd 
ie sa’ yah ‘ 
. 





















































Pee ere honey on 
re Ren Pe, aA 5 
a) 
we yacte hed g on, ae rs Weide D 
: tt i He phi 
noe ASEM CK AOR: aac pte hf Ty 


+ a 
Sn VE ey 
+7 Oa 


cs 
Hibitie Dau LLC Ba 
wg Dar 







Gal avira 
a) 


em the oun aol 3s.) 
- * DOR e Satin teed 
a LTS Oe ae Me 2 


Ta SLAY hae bike eat 
rontia stapes ead 
tar o 


ee ee aCe TTY 
Oe ais ee 
x 


Pie tt 













: 


























¥ cE 













Eas 
A ie, 
Lesa Fe * 





eet hy LY ae) 
a 2 rts re fi . 
ary oO ihe ey 

he eve 

ie . rk ot ba Sad keh tag 

5 at ey Neo Oe bh 

ok Way the Sy 





































re re 
LL Bats bay rah a 
ot) 


WO atin k ee 
ity ‘ eee re Bas ge Naty iat 5 
eer Carol ea tile 

ere pheay Sanh of 


Me has 
ah 













hfe el le 
Fas Ay a Ba: 
5 i ke 












tes yt Bienes 
5s ry 
Fe jee Lee 









ete 
yi er ‘» 2 

4 e kee yf: Rds 

stew, Se a a’ os io 

a ” La re S ge Tai ei bd 

VERA, i, 5 

“AU , ot ay ‘ oe 





7 
etre + vee 

ete, vi earcs ey a ess 
aM 








aay vy 
Eee iy 
ete xu bn 






La ae (S a 
a Td 43 i] i 
I ae od ns oe re Perk 


At ah eee AS ASTRCe 














4 
ats i ” 


















Pe 


ev 


oe Me Fi 
es a be Ane dP ae 
‘m Tae 

Y Moen an) sie 


4 
Ropero phe 





Oh 


rele 














Ba nw y 
Be ee ae a 
* 


a 
F 
5 
. 
- 
‘ 
¥ 
a 
Py 
a 






: pra x 
Pe Peet 
» 

























Pie 
¥ 








ae Ur 


. 


er bre 
2 pate 






a ae 
Bas 


ete 





Se ae] 


hae 
_gtie wa pote 
ay re’ 
Ped palate Pee . e Tals 
de et We ot ees ¥ od ghd 
£: ae fy Ee Behe na 
a rk rr 
Rea eA Peer: 















Ae Bei rm Lies 
S ar ie OS at DP pace 
: , na Hogs ve $i He tated yt lege 
a tel Pr tes Se cure if ee 7 ris te PereeLs. 
Pa Saas Ee pe tet Wee Lees EAE Asal se Selene A 
a eat a el as es Pi h ah ih ak ae Br ed het 
i ra , pare af; ania De i ee Cd all 
‘Pe 
ae re 


7 a fj 5 per 

OA a ak day pigs rr bahar led Ash ee 
Ce a ee 

Ke gh % Pig 

ana 









rie 










a wr ey 
ty 
. 











J 
ar se Paty, ed 


Pee oes 














LG see Nar eek ae fe We, a 
‘aly BAS Ce ae ots ae a AY Efe! og 
a nt ciao Pa Fare ae ath 
Might) patentee it 
ies fer fod EA: 4 a ‘i 
w 


” 
- r A RP a 
‘ eC) iv 5 





eae Pra 


a PAY ee f 
- Bt SOT | P a de PZ peste “wi y 
¥ « a ‘ 


















me wea 
ra 
or Lt ws, 


F Z 
frye fp bs Adee Rar 
ih ete tat regi A 
J ef a 


Pores . Pal a 
hf aod We Ral) 


oy Lg ah Fae el re Pe hake 
in Ae Le 








i aie ried Fs e§ 
NT eer, r oe al ly et 
+ pes 5 r? Pe atte a a Pe pey: Hi rite ose let PM aaa J am 
iid a ph anh Ft Aaa ee vx Pe Pak ie eter Po aes i at Mada ars ts . ae Sai 
ws , k, By La i Lhe oe ny a ey 2 Bh y, bP ta Ps Es ane Dkr ar 5 ba Sale ite! rt yf ie ee Be seer Re ree nie rid 
} : S bi A vw" : eg i Wa etait eerie oF , et mie Ps es it i fe rd Seale rf epee PND ey a y 
= = re : bdr Meal ae con aie 


He At A fy a 
ae n® eT ry * 


ti ite aS My fy ts : ap me is ie ae 
L Hae 5 ; prs is a 
ars rl ra os Se a 54 af ny 438 Pat a xas i Tae aN Bal tana 9 
ee eT Pete eae ¥ sf, mad | ie qhe patie os rary eee ent aa i rik , sia a2 
es) pul g Rate Go) re Kee Mahia: ere kes ee Ln emcee) as Tan, Nees ir : : 

he Tee ho trem, “16 pile Poet peas rn ye Wy ye ine? pu? yy bey ab Ls Pee ett: 

” af EIN spe og! Fi Pee # yrs ie fl ry ve eT) ah tet glad Fah 
r 7 a dh AS Ie a 2 a ee fseL He a Nae rye K gulns raf re 
;- a ee) rots ; : c pS ata Bat alee ee abe 
. a F 
A 4 4 nf 

’ 











































































































































































































te 
a Ci “ably 7] 
pede Arg ae a Roach chan tt ret 
ae user db a ae myaie pa Hi Ft sat del aioe 
se an ee Rot daha ad Her gh area yo a hae ab Lie i fy itigs toned ‘4 
vee Desa 7) Whoo oA Oo ee athe aay at bidentate eee Atay, os need oP iors a 
‘ a0 GU po i} i hal ve ot 2 SE dd SP et ad Orn haa P phd ta eke Re ro y 
. aa A RFE Sh ste ee, ee ey pee ee £ abet ge ee aa Pepe bd gh Elway yr fal Sek 
Le Se eh ay | 5 . 3h WP ‘ ba ir Ae, Re ys Ce Re Ri 44 La Cee ee ciet al 
Obs Br EY oe Pie gree. pha ; Pas a Ae eee vat wht eee Ee goth toh ahasda! 
ee arid PI ns oat Pe od Ser bs ee Sa ; iret FR -exe Bi Ge ees 
na Raa TT at dP en me a Le ie Pt ae rr Ets ie ¥ Co ar © Rede Rai hs y hey Presets Ea m) 
. , Ca. rn AY ad Pee ae ry ve T - i re ri hai 7 is vy Sh A io oa a Lie tt fal any thie apie per Cray Sawaal Ries dh oh tae a 
Rd a Tt) aoe ee, Alaa 1 ks itt a os ie a wf bday 41 ae a eR A Lier og? fa ie ole Bab he ans Bie soup zy as pe 
- if MS re oe ae tae Bs fer eX | oi Fs ut ay at ee, ah pele yer Pak ae My tee KE b per re ph gies, Lol oh eas p idds ad 
On 4 ee! Meee OCH ee shen Say wer “WE Bd Soy BON" Pan ketal of eA 7 gg? Peg bat Be teh Ak ait teal hs (eee Pst itt ips 4 
p ted ad Li}: LOL Jere | | Nees i ad OY el Ra feo oo 1 Doe wy a ce ¥ tee Ate) Wyre ne etre Pee te tae Pericanlect Sad dad ea 
a ee ay “,.4.0P bh py Pee phe ane ee s bade Sa ee ed Hr syen 6 4h; 18H FP pig ay Sta Re A abd} to See et 
. Wes eh ag Pee ery Las A a WL aoe es ; Ef Fi ee a nasa Pm rae Ce i a OE GA oe Ts ar 
a a “4 ee _Ytepa by Sue) ae a Re de ae iE oh a k Pk 35 Je ate ea My Ae a Jo ats) tei es nee We pipe gt Sa ehh 
A a a | dri F SER ie ed | REO Rd aa dt en Mac es Ce aan ae | nia 7a yk Aa fe ped eho aT ” COT et alee eat 
> . ool err, ae ME ad) PS ia tes pare fies eA IME PAUO PAL n we So fe Pits rena OR ak Pee: ae) Torre 
Py Pe) es Sepals at 7 oe RY ST pe ry. a a4 PRON CNS prog ns CaP aR at ge og ok eee on at fi Sige ee Eva 2 Sis! atl Ari Lot iit 
Ee ¢ a id BS Mar ey 3 Lee aT AS elt ey de ers ra ae Sie at ANAT be taal ieee pra a # Le a ee 
ily Sal ) 1 a «te oe oe a ae s Ww se oer ano ks Tar | ee hee "4 cay ay oe z i 7 
Fa - = ’ B 18s Ke fy c ‘ie if f sug shir tt see iret + oye EA eae anata ea oe ad Lei ear a Bi A 
pre Hee RA ett Batt ts gry yng Peas ath ee ceed pin f f 
: cm | a oer i ba Koil A s a5 Ry Et eh Tes f és : 
“ase oP ea 
ly oye a te H 
Kg tod J raheem a i r yt 
ci ; a fo P84; ee Pe nee 
at" Be woe tt L Oe ee 
: he Aa of eal Ras ra saeiba 
Lan Carr pe 6 i Ps pea pe 
a 4 Le me eth bhi pie bey Pe rua he 7 SAR te et Staak ree 
2 SAE RISE tp ae LARS te S ad aT Be od Wig SE ied MG Tat Oe cae oe eres 
; OeoSter natn Ma earner ee ease 
, A Lid MD ror ee | ¥ el | Ne kt a ey Cy ss be 
= “ Pere tpg | EP PN a Gee ats Kea net Me Sed a ripe aA be ib aad edhe ole sey Soe pad ba 
“| A ae eT SOw Hy f bys get ira) Weil bet oa Rod) 
ay : fs eae i f Pont rar hy ae i, et fetta Stes hy Meh eat tA emis eel ‘ 
Se ae . eek ao Lee Pep suirs: re er yeas r Mt By bbe Macs te 3 
eo Ty ‘ f MS a hee en va wee : th ah ev" Bie.) ee pis ed iit diye aT 
PORTERS ie ofS AP cris vt Pigt LAD 
Spay ae Oe Pee us Leb PO oe Tee 1 Pox See 
a Le) at 6 ta yt iyite fet we Fey aN py te 
Ps * #, fs rey 8 fhe! Iara 3 Yet a Ror 
2 r Oe Aad Deo ee | SAA rey an yt heft oss 
ae eli a oe : 
Q oP Kes 4 rf ae Fa Frege 
ea ki phir £03 
5 : 2 yh ae Peg 
§ 


nk a 
oe ah oi aa 
po 











NAVAL POSTERADUATE SCHOOL 


Monterey, balifornia 














USING CCNTIUOUS VOICE RECOGNITION TECHNOLOGY 
AS AN INPOT MEDIOM TO THE 

NAVAL WARFARE INTERACTIVE SIMULATION SYSTEM (NWISS) 

by 

John Philip Lombardo 


June, 1984 


heesisS. Aewzi.cor: 


Acvroved for public release, distribution unlimited 


T om 1 P i. ¢, . rm «4 
: & é = a 





SECURITY CLASSIFICATION OF THIS PAGE (Whon Data Entered) UL 
READ INSTRUCTIONS 


REPORT DOCUMENTATION PAGE BEFOREGOMREETING FORM 


» REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMSER 


4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED 


Using Continucus Voice Recognition Technology Master's Thesis 
as an Input Medium to the Naval Warfare June, 1984 
Interactive Similation System (NWISS) 6. PERFORMING ORG. REPORT NUMBER 

























8. CONTRACT OR GRANT NUMBER(S) 












AU THOR(8) 


John Philip Lambardo 









10. PROGRAM ELEMENT, PROJECT, TASK 
AREA & WORK UNIT NUMBERS 





- PERFORMING ORGANIZATION NAME ANO ADORESS 






Naval Postgraduate School 
Monterey, California 93943 





H11. CONTROLLING OFFICE NAME ANDO AOORESS 3 ~ Wl2. “REPORT OATE 
Naval Postgraduate School pune. 1954. | 
Monterey, California 93943 | Ss 


————————— 


MONITORING AGENCY NAME & ADORESS(If different from Controlling Office) | 15. SECURITY CLASS. (of :hts report) 


Unevassitied 


rTSa. DECL ASSIFICATION/ DOWNGRADING 
SCHEDULE 


OISTRIBUTION STATEMENT (of thie Report) 


Approved for public release, distribution unlimited 





17. DISTRIBUTION STATEMENT (ol the ebatrect entered in Block 20, Il different from Report) 


16. SUPPLEMENTARY NOTES 


19. KEY WORDS (Continue on reveree eide if neceesary and identify by block number) 


Discrete Voice Recognition 
Continuous Voice Recognition 
Finite State Grammar 
Computer-Aided Wargame 


20. ABSTRACT (Continue on reveree side If necesaary and identify by block number) 


A great deal of research has been conducted in the past 20 years 
concerning the use of voice recognition equipment with comeuters. The goal 
of this research has been to improve the man-machine interface. With the 
breakthrough from discrete to continuous voice recognition technology in 
the 1970's, a large step toward that goal was taken. 

| 


OD , es 1473 3s EDITION OF ! NOV 63 1S OBSOLETE oe 
ema - 4 


eo 02 FO 560) SECURITY CLASSIFICATION OF THIS PAGE (When Delta Sntece: 





SECURLI Y CLAQQIIFILATION OF THs PACE (Xnhon Vata Entered) 


This thesis attempts to show that continuous voice recognition 
technology can be effectively applied in a highly interactive, coamputer- 
aided wargaming environment. Through analysis of the strictly—-formatted 
command syntax of the Naval Warfare Interactive Simulation System (NWISS) 
and use of carmercially available, innovative, continuous speech harcware 
and software, a new input medium was created for the user of that wargame. 
The true effectiveness of this application of voice recognition technology 
mist still be tested. Plans for such testing are being made and, to that 
extent, the thesis objectives are partly met. 


SMO OsILE- 01d: 6601 
Unclassified 


SECURITY CLASSIFICATION OF THIS PAGE(When Osta Enterac) 





Moe ovea LOL PUDAIC Felease: distribution unlinited. 


Using Continuous VYorce Recognition Technology 
as an Input Medium to tne 
Naval Warfare Interactive Simulation System (NWISS) 


ny 


— 


JoOnn Philip yponabardo 
National Security Agency 


meee fan, 2 
5.S5S., Loycia College (Baltiaore), sic 
Mobo oO yOlLa College (3altimore), ho 2 
Jieeeeteawin partia: awloillment of tre 
reculrements for tne dejree or 


pao! {Seine an ih SY Smee eleCHENOLOGY 
m Cortao teand (Communit catrzons) 


Eros t 1c 


Hav bee eo Gr DUA SEO SCHUCL 
he 


June ie 





ABS2RACT 


A great aqeal of research kas been conducted in the fast 
27 years concerning the use of yolce recocnition eyuipment 
with computers. The goal of this research has been to 
izprove the man=-machine interface. With the breakthrough 
Become GlisclLete Peomeconcinuous voice recognition technology in 
the 1970's, a large step toward that goal was taxen. 

This thesis attempts to show that continuous voice 
BecOuUNPt1Oon toeecrnology can be effectively appiied in a 
Mga y 2hterastive, computer-aided wargaming environment. 
Pomowgnwdnialysils of the strictly-rormatted cotmand syntax o£ 
the Naval Warfare Interactive Simulation Systen (NNISS) and 


Pawo twecntercidlly avarlaple, inkovative, continuous Ss seeci 


i 
by 


hardware ana software, a new input medium was created fo 
the users of that wargame. The true effectiveness of this 
Eeemeecation Of Voice recognition tecnnology must still be 
tested. Plans for such testing are peing made and, to that 


Extent, the thesis objectives are partly net. 
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I. INTRODUCTION 

AS computer science has advanced into the era of human 
imeeraccive d2sign, cne technology which has received 
increasing attention and has already demonstrated many prac- 
tical results is that of speech recognition. It has the 
potential to vastly change the state of man-mnachine interac- 
tion Ey allcwing humans to use their most natural 
Communications ovtput mode, sveech, ani tnus freeing then 
Grom the constraints of the keyboard. This thesis is 
@om@eceanca With the arplication of spéech recognition tech- 
nology to nilitary Wwarganing, specifically a cozputer-aided 
Simulation of the naval warfare environment «xnown as the 
iepemearrare [nteractive Simulation Systen (WWISS). 
Because computer-aided wargames entail a very hign degree of 
Pome interaction, they are excellent candidates for appii- 
Sweet VCLCe ©CecoOghition tecanology. Tae remainder of 
PremchaOter Will cover «hat speeca recognition technology 
memamarcal @€O, describe a Specizlc impleaentation of this 
BeGmmology in a product named the Verbex 3000, introduce 
NiISS 1n more detail and close with a summary oi the thesis 


objectives. 


Pesce vivwe Or YOtCe® RECOGNITION TECHNOLOGY 


Mo Mem aise ss10n OL ducohacie SHSech recognition, 
the distinction between recognition ani uncGgerstanding is 
Sometimes unclear. W.A. Lea [ Ref. 1: p. 40] has defined 
Momsee EecOtnition by machine "generally as the process of 
Saieareoming the COnLINuolusS human acouStic Sidnal into 


discrete rerresentaticons which zay be assigned proper 





meanings and which may be comprehended to affect responsive 
behavior.” For the purposes of this thesis, the process 
Willi be understood as the conversion of human speech into 
recognizable text, i.e. words and syabols. Due to idiosync- 
racies of the human voice, as exhibited in such individual 
Variations as sex, race, geographic origin, age, emotion and 
humerous other factors which impact the human acoustic 
Signal, this is by no means a simple task. Machine under- 
Beanding cl speech, cn the other hand, is a ciosely related 
activity woich follows recognition and applies artificial 
inteiligence to invoke parsing rules and to make logical 
inferences rrom tre semantic content of the spoxen (recog- 
nized) message. This task is also very difficult as humans 
PeGwmextom Gaily experience (not Sc with recognition which is 
generally taken for granted). While speech recognition and 
understanding are not separate functions for the human (we 
orten use semantics to reconstruct/complete a sentence we 
Cid not fully hear or listen to), they have tended as 
computer technologies to develop ina parallel but partly 
separated fashion. [Ref. 2 ]} 

It has long been recognized that speech is the 
(Miers Cighest Capacity, NOoSt natural output communications 
@eammels: However it Las only been during the past thirty 
years that it has been possibie to create machines which 
meemreto cake advantage of this fact. In terms of human 
input to computers, the keyboard nas had superior speed, 
SememmcorrectiOn Capasility and overall versatilitw. How 
iememene Keyboard will retain this Superiority 1s cpen to 
G@esate. Already commercial word recognizers nave been 
erfectively used for such jobs as packajge-sorting systens 
Geer Naepection and Gualzzty control, where xeyboards or 
numeric xeypads served before. Military uses include 
BieeOobocuy, COM cd Cter—assiSted training Of air traffic 
Seemereelice=> and aircraft cOCKDit CORNWRications. 
Paeme Ss: PD. 29 } 





These uses of speech recognition technology have 
benefited fron several advantageous properties inherent in 
speech input to machines in addition to high speed and natu- 
ralness. Automatic speech recognition is univye in its 
ability to free the user's mind ani eyes for such tasks as 
viewing graphics screens or other decision aids in a command 
POse, OVErSeecing an Cperations center, or just reading circa 
poeta SOUrCe witnout having to remove the eyes to find and 
Pwemre the correct key 1s being struck. While skilled 
tTypasts can read Irom a data source and input data ata 
Bagpd Cate, SUCh proficiency is not achieved without a good 
Reoumecrmuraining. SY COllpariSon training in the use of 
MemeemnecCOGrition @Gulpment can De Minimas. [f[Ref. 4] 

A further advantage of automatic speech recognition 
Mepmonrtity. with a lightweight, wireless, microphone nead- 
Seeye a Person is tree to roam about ani attend to other 
Seer ye Such AS an @1r tratrtic controller monitoring racac 
screens and speaking sinuitaneously to pilots ana machine, 
Semen eack ClLanSceciot pursosses or to control navigation and 
Jdanding aids. finally machine access can be controlled 
MeeomomesdbOkKen Codeword authentication using voice recojni- 
SiOn anh ccmkination with a Speaker vericltication systen. 
[Ref. 4] 


Pemeecntinuous Vecice Fecocnition 


=~ >= =] Se oes — _— 6) GaP a oe oe caw 


Geter cally manos t all cCommerciaglwapolications of 
Pome EeCOGDIC1LON technology have railen in the category 
heoweewas isclated (diccrete) word recognizers. Typically 
this class of speech recognizers hasS Gemonstrated tne 
Beto Tecogrize limited vocabularies (up to 300 words) 
Weeme tne Speaker is recuirei £0 bauSe perceptibiy between 


PeGwOlNUTEECEance. (String Of: WOrds constrained to a 


th = 


Pee Osemrane Such as ie5 Of 2.0 seconds). The pauses 
O 


undaries for the machine processiny of tne voice 
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message and allow the machine to "catcn up" to the speaker. 
Discrete speech recognition detracts from the naturalness of 
human speech and imposes an artificial conStraint on the 
Miececke WiLCh Lequires training to adapt to such a speaking 
node. 

Sparked by the five year, $15 million research 
errort of the Department of Defense's Advanced Kesearch 
BeOgeets AGencsy in the mid- 1970's known as Speech Under- 
Standing Research (ARFA SUR), the recognition of continuous 
Speech was troven possibdle in the iaporatory. As other 
advances in microcomputer and memory technologies came 
Peele, ne LILSt comrercial continuous voice recognition 
products nave come on the market in tae past tnree years. 
Wieere” Specaker~decencence and limited vocabulary (300 or so 
words) are still the rule, clearly naturalness is enhancec 
as well aS input raté When continuous sveech is used. "One 
Pee @ruernuOUuSlyY Speak at a rate Of about 150 to 300 words 
Or mere rer minute, Lut when words must be individually 
Separated by pauses, the rate droys to less than 125 
Mietedetay tc around 50 to 380) words per minute." 
fee. i: pe 66 ] 

In general, continuous voice recognizers rely on the 
Meteo oeect Grammars to Limit tne number of words from 
which the machine must choose at any instant Yased on previ- 
ously secognized words. A grammar iS a representation o£ 
tae ailowable word secuences in a State diagram composed of 
Meteamleeresecnting a wore OF group of worcs and tne possible 
transiticns between the nodes. While it has teen shown that 
SMe state Jrammars cannot properly Cnaracterize major 
Saesetsmwer Enolish Sentences, uniess sentence complexity is 
severely linited, they are guite appropriate for applica- 
PlemommEivolVing Strictly-Lrormatted Sequences of words. 
iebeee sc 13 ps 52 | 
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B. VERBEX 3000 SPEECH APPLICATION DEVELOPMENT SYSTE% 
(SPADS) 


Cne product in particular which resulted from continuous 
wemsce work of the 1970's and wnhich is the basis for this 
thesis is the Verbex 3000 voice terminal, marketed Ly a 
EWeeeertary Of Exxon Corporation. The Verbex 3000 [Ref. 5: 
p- 8] "is a continuous speech, voice data entry terminal. 
iemeaneOQLeCrate aS an input/output peripneral that adds voice 
Pee Gcadbability to cther computer systems Or, in sone 
dpplaications, as a stand~alore data handling system. It is 
designed for use in industrial and commercial environeants 
with either high or lew noise levels, and allows operators 
to input data and commands ina naturally spoken stream of 
pomoers, WOLCS, Or phrases, without pausing." With its 
Maximum number of four speech processirg poards, the Verbex 
3000 can recognize up to 360 dirferent words spread over as 
many as 20 grammars.! A finite linit to grammar size, based 
Sieeeotal Number cl words and complexity of the node tran- 
Siticon network, is necessary to aliow the device to remain 
"real time" in terms cE computation speed and memory (storea 
Poe ewratterIns) recuirements. Thus the total application 
Mav involve up to 360 words, but at any instant the recog- 
Pigeons Gealing with only a subset (grammar) . 

The Speech Application Development System (SPADS) is a 
hardwareysoftware adjunct to the Verkex 3000 voice terminal 
RieretieallewS the usexr to program the voice terminal to run a 
particular application. In other words, the design and 
Peel melon Cl Grabmars, the Control or transitions rcetween 
grammars, the processing or text output, and the design or 


tne terminal's visual and aural interrace (reedpacx) with 


Mendis 10LOLHation Was Obtained at a SPADS training 
Course attended by the euthocr ana conadcted by Nr. Thomas 
DiGennaro, Verbex Senior Software eco 7 - 9 Novenrer 
1383. Future retererces to Gnas Source fie siuply be 
@enocea 'SPALS Training Course". 
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the operator are accomplished through SPADS. Verbex has 
designed SPADS so that Verbex 3000 users can write their own 
applications and update them as reguired vice purchasing 
customer engineering services from Verbex. Currently in 
Mera scest status (as delivered to NPS), the SPADS is 
intended to be user friendly such that the building of 
applications and grammars is done through menu-driven 
editors. A procedure must be written in the Pascal prograa- 
fie Language to control the application. Verbex supplies 


about 20 predefined functions to ease this process. 


C. SBAVAL WARPARZ INTERACTIVE SIMULATION SYSTEM {NNWISS) 


AS noted earlier, the candidate system for application 
of continuous voice recognition technology was the NWISS 
developed at the Battle Group Training Computer Support 
Facility within tne Naval Ocean Systens Center at San Dieco. 
Per the NwWISS user's manual, NWISS "is a real-time, man- 
interactive, discrete event, time step conputer-aided 
Simulaticn of the naval warfare environment. .. .zor the 
purpose of supporting the training of senior naval oificers 
in force-level tactical decision making and management in 
GCoumand and control." 

In addition to NOSC, the NWISS is resident at the NPS 
Wargaming Analysis and Research laboratory where it is used 
Primarily to introduce wargaming to students and to expose 
them to tactical, force-level decision making vrobiems in 
Gommand and control. The NWISS supports a two-sided (Blue 
vs. Crange) scenario in waich opposing sides can aefine, 
Semtetire, ahd Gynamicaliy controi forces with the support 
Seeeeurt are=1ixe function called Control. Normally, at 
Mropeene =orce Duilding and structuring phases are accon- 
Pemscrca Dy the instructor and the students begin the wargane 


phrase with a predefined scenario and force structure. (The 
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most often used (at NPS) set of scenarios is based on overa- 
tioas in the Sea of Japan. Since the author's NWISS experi- 
ence was aS a Blue player, this thesis uses the Blue force 
levels and names from the Sea of Japan scenario set.) 

During the wargame phase the two sides must position and 
equip their forces and sensors to be ready for whatever the 
scenario entails, staying within tne rules of engagement, 
and to engage the opposing forces in combat when appropri- 
ate. The NWISS can support various "views" of the action, 
representing the current tactical situation known to a user 
mEoudietne ValrlOusS SE€NSOrs organic to his controlled force 
Peements. thus tae Blue side may for example consist cf 
several views representing different warfare commanders. 

Typically a player has at his disposal an alphanumeric 
display capable oz showing various information status 
Peeets, a COLOL graphics display showing force positions 
(with Naval Tactical [ata System symbology) and sensor 
information superimposed over a map of the area of opera- 
tion, and an alphanumeric terminal for entering the player 
commands. Via keyboard, the player may enter strictly- 
formatted comnands to change the graphics display 
GiemacterlsStics, to equip and move forces, to control 
sensors, to engage enemy forces and, in general, to coanand 
and control the battie from his view. The alphanumeric 
terminal can also be used to send and receive messages 
between players (views) of the same side and/or Control. 

mee pilepose Of this briex description of NWISS is to 
provide a sense of the system's overall capability and, nore 
maeeercanely, tO Emphasize that, aS currently configured at 
NPS (but not NOSC), all input to the NWISS from its players 
lomvumcau<eyDOeard., Although a fair degree of user frlendli- 
ness has been incorporated such that prompts and help for 

mtering the next field of a command are readily provided 


Memomiueencigng Characters need te typed Co guarantee 
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unigueness, and errors are easily corrected, command entry 
can still be a laborious, error prone, time consumirg tasx 
for many users. Precise entry of force names, weapon iden- 
tiftiers, latitude-longitude, bearings, ranges, altitudes, et 
cetera 1S required and errors are not always easily forgiven 
by ein lSS. 


D. PURPOSE 


The predecessor to NW¥ISS at NPS was the Warfare 
Environmental Simulator (WES), also developed at wOSC, with 
Many ort the sane capabilities as NWISS but to a lesser 
degree (particularly in system response time). In 1981, i. 
J. McSorley published his master’s thesis at NPS on the 
subject of using voice recognition technology to run WES. 
Using a discrete voice recognizer (Threshold 600), he 
Gomeited a Set cf typical WES commands and conducted an 
experiment with 12 subjects of varied typing abilities and 
voice (nicrophone) experience to Getermine which input 
medium was superior. Based on lengthy statistical analysis 
Seeopeed ana error results, McSorley [Ref. 6: p.65] 
concluded tnat "the subjects were abie to input WES commands 
Taster and with fewer total errors using tne manual typing 
mode than with voice mode." Since McSorley's subjects were 
using discrete voice and had an average typing ability 
bketter than 35 words per minute, the results are not too 


Surprising. 


Gree neSise Objectives 


=a — a= = ae we ee ee 


@hpe reason EOL SUNMarizing McSorley*s work is to 
Show that interest in applying voice recognition technology 


FewcOmputer-dided Wwarcames 1S NOt news. Such wargames are 
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highly interactive and hence invite attempts to improve the 
Due rbactszon (and the participants are usually willir 
Subjects in new or experimental undertakings). Given the 
imherent advantages to voice input stated earlier, it seems 
cnly natural to want to apply speech recognition technology 
to a wargame such as NWISS. 

The more cogent reason for reporting McSorley's 
Beoteees 15 tO eStablish the grounds for this thesis: to 
make use orf the progression from discrete to continuous 
Nemcemrecognition technology and build a voice input medium 
to NWISS which has tke potential to compete erfectively with 
the keyboard both in speed and error results. With such an 
input mediun, NWISS players will be able to spend their tine 
Mompem le ibOtLltdhly in mcCnitoring the graphics display and 
Status boards and in commanding and controlling their forces 
With more natural voice commands as opposed to being tied to 
Geese bodLra, However this application of continuous voice 
Beeognition technology is not intended to, hor can it, 
completely replace the player's alphanumeric keyboard. 
Peder Jt 1S intended to substantially improve the man- 
macnine interface for NWISS and allow the player to perform 
Gummer. a Very Small part 9£ his input With voice vice the 
meyeodr dl. 

Given the Commercial state of the art (as repre- 
sented cy the Verbex 3000), the chailenye is to thoroughly 
Pemerinize the sibject application (NWISS) and so design 
grammars anda grammar transition network in software such 
weeegranimadr DOUNndar1ieés (which tend to be "discrete") occur 
in places where natural pauses occur or where the user can 
Bemeasaly induced to pauSe with minimal disruption to sceech 
Datcerns. 

Thws the purrose of this thesis 1S to Show that 
continuous voice recognition technology can be eifectively 


appiied to a computer-aided wargane tnrough demonstration of 


2e7 





the sortware design frocess (Chapter 2) and the user's oper- 
ating instructions (Chapter 3). To be precise, the NYISS 
Blue player commands, force names, weadon identifiers, et 
cetera for the Sea of Japan scenario (totalling about 150 
words or symbois) have been piaced into 10 different (but 
overlapping) grammars in an application whicn uses akout 800 
lines of Pascal to control the network flow between grammars 
and restructure textual output to NWISS requirements. fhe 
application is designed to be user friendly and reyuire a 
Minimum crt player involvement with the mechanics of the 


process. 


URS 





II. SOFTWARE DESIG} 


Pemoorcedeln Chapter 1, the application of continuous 
voice recognition technology reyuires caceful study of the 
han-machine interactive process being substituted for or 
Supported. in tne case of NWISS, such questions as the 


Following must be answered: 
e Where will natural input pauses occur? 
e What rteedback or ctronpting will the user recuire? 
Meare M@eans BUSt be provided for error control? 


e How must the data be structured for the host computer 


aieeewhat Special data characters, if any, are needed? 


e How will the overall process be controlled, particu- 


larly in the tize domain? 


The answers to these and other reiated questions lead to the 
initial désign of the graumars and the application control 
program. Tnis chapter will derine the NWISS requirements in 
Poems Or I1Npuk Command syntax and data Structures, descrite 
tne grammars which resulted from tne design process, and 
PeGivige sOme inSights to the structure of the application 


peo Gan code. 


Paemettoo REOULRES ENTS 


con mand Syntax 


aes SR a Se SS 
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here are aprroximateiy 37 commands which the NWISS 


player can issue to forces under his control for maneuvering 
foe aimermnd -iat lobes, controlling Sensors, and engagement 


Weve jae lus this paper these are frererred to as "rOn" 


ie 





commands of which about 23 are used with any frequency at 
NPS and have been included in the continuous voice recogni- 
tion application (see Tabie I). There are approximately 
another 20 commands an NWISS player can use to control the 
graphics display characteristics, obtain bearings and accon- 
Bibbs @inhetr actions [{Ref. 7]. Again these 20 commards are 
not all used at NPS and so the 10 commands usea most often 
have been included in the voice application and are 
addressed later. The primary reasons for excluding unused 
Bemtands are grammar and application code efficiency anda 
reduced user training time: these design factors and others 
Will be addressed tnroughout this chapter. What follows now 
is a description of the jeneral syntax and some examples of 


these comrnands. 


| 
| TABS L | 
| Permitted N¥ISS "FOR" Commands / 

{ 
| pee: EGUCE Oe Hiss iON Se hep | 
| PARRIEP DEP LH ORDERS Sl. APLCR | 
| EINGC EMCON Per OOO 2s SUEEPACE | 
| PLIF FIRE PROCZE TAKE | 
{ 
COURSE LAUNCG PBOC WEAPONS 
| Coy =F GoAD Peru L { 
 ___ cae 

ae NMPOE" Commands 


The primary WWISS command Syntax 1S gGuite Simple 


and consists 9f the following standard format: 


FCR <addressee> <command> [TIME <start-minute>] <CR> 
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Miewe tne CLollowing conventions apply: 

1. Capitalized words are command keywords which nay be 
entered in abbreviated form (enouge letters to insure 
unigueness). 

2- Lowercase words inside parentheses are pronpts fron 
NWISS recélved when the space or escape character is 
struck after the preceding field. 

3. Lowercase words inside arrows are command arguments 
which must be specified precisely. 

4. Keyworius and arguments inside brackets are optional. 

5. "FOR <addressee>" is not reguired for subsequent 
ccmmanéds directed to the same addressee. 


Some specific command frornats and examples are shown in 








ewe 
| 
? | 
} FOR <addressee> AILTITJDE <ireet> | 
| Seer VAO24 ALT IMRUDE 9900" | 
| | 
| FCR <addressee> CCYER <track #4> 
| mae WP600 COVER ESO02" | 
| | 
FOR <addressee> PRCCZED POSITION <latitude> | 
| <longitude> | 
| RaeawnkuCk PROCEED POSELTION 26—s0N 134-555" | 
| | 
’CR <addressee> FIRE <hnumber> <name> TORPEDO (at) | 
| <track #> 
| NPOR CMAHA FIRE 2 MK48 TCRPEDO (at) BSOO6" 
iin: = See een 
Figure 2.1 Examples of "FOR" Command Syntax. 
eee. | where <CR>, Carriage-rettrn, iS assumed and 
NTTM=" 3s net used. AS convention #4 inmpiies, the keyword 


a 





ete and 2ts Eollowing argument are optional: most plaver 
commands are entered without specifying a desired game tine 
So that execution by NWISS occurs in real time. 

The "addressee" and "rorce-nane" fields have the 
same demain, 1.e. all legitimate force-names are specified 
in the NwWISS force-building and scenario definition fhases. 
For the Sea of Japan scenarios, the addressable Blue forces 
number 9 ships, 1 shorebase and potentiaily 100 aircrart 
(aircract do not have callsigns assigned and nence are not 
aaaressable until launched). Aircraft callsigns consist of 
2 alphabetic characters followed by 3 digits whereas ship- 
hames and shorebases may be abbreviated to tre first 5 
eeimesetems, €.49. RATHEOUrNe. In addition, tasx force desig- 
hnators may be used to address collective segments of the 
MeemrOrcesS OF TAdividual units (mot aircraft). Thus "FOR 
1.1" catches the entire Blue task group including all 
Peesemactewille “FOR 1.1.0.0" catches the Kittyhawk but not 
Memmarierart. Other than "1.1", these designators are 
seldom if ever used and are in a sense redundant. For tnat 
weeemepius a technical problem with defining periods as 
Pieemmon Oo ject Names in the Verbex 300), only "1.1" is 
eect ea a this applications See Table Ii for all alilow- 


able force-names. 


Doo GA uNcCH' Command 


freelongest wand NOsteditsicult "FOR" command to 
learn now to enter properiy to NWISS is that for launching 
mae emt ity tO correctly launch aircraft 1s of course 
indispensable to game play. To avoid too much conplication 
Gmebe ah CcCrrornhity with how the comaanad is most often 
used, its Simplest syntax wili be discussed ani is shown 


beLOwW: 


22 





— — a 
| TABLE il | 
Sea of Japan Scenario Biue Force-nanes | 

| ships Aireraft shorebase | 
| KITTYhawk MP 600-608 MISAwWa | 
| KNCX SH 100-103 
| LOSANgeles VA 000-033 Task Group i 
MeCO RMILCK VEO =o oe 

| OMAHA VE 190 | 
| RATHBourne YeU00—O1s | 
| SPEUAnce VeevOg— 00'S 
| fRICHIta YK000-003 | 
i We son VS 000-9009 | 
VE O00-00 3 

V¥000-003 | 
—_ ae Se. eS! 


PORN adaaglessee> LXNUNCH <nugber> <alrcrait-type> (event name) 


<name> (course) <degrees> (speed) <knots> (altitude) <reet> 


Mpomeaecee ting this "“cirst-level" comnand, NWISS responds 
fowoeeione p~re@m@pt “FLT PLAN:" on a Lew line. In theory the 
Meet may NOw Specify any of about 25 commands applicable to 
alircrart. However the normal NPS practice is to provide a 
temesrON' for the aircrart, "LOAD" tne aircraft with expen- 
G@agemes, possibly specify a "PROCEED POSITION", and signizy 
PoemecoOf met iongo: the launch command witn "STOP". txcept 
POE STON, any of the other conmancs is tollowed by the 
peemot "FLT PLAN: on a new line. Figure 2.2 shows a 


Gemoilete launch command. 





"FOR KITTY LAUNCH € FI4A (event name) FI4A1 (Course) 
210 (speed) 650 (altitude) 2000" 


Poe bAN YUE SSION CAP" 
Paver lan; "PROCEED POSITION 36-30N 137-452" 
motee lan: “LOAD {eEquipment) 2 PAENZ 2 SPAR 2 SHDR" 


| Pee LAN: "STOP" 


Ferguire 2.2 Example of Complete Launch Command. 


eS ee Me 
| _ 


mee we ee ee 


Cc. Graphics Display and Other Commands 


In addition to the "FOR" commands, there is a 
large repertoire of commands for controlling the character- 
Mores Of the NWISS graphics output. In general, the 
geographical area of operation can be centered about any 
mobeGe-Nanie, tlLacx, OL POSItion Specified and its radius can 
be made as smail or as large as desired. An xmark, circle 
eegmed (Set 95 concentric circles pius 12 lines of bearing 
eemewa, 50 decrees apart) can oe placed over any force, track 
@emeeOsition. NWISS Generated lines of Deari#vg (LOB) for 
pasSive sonar or ESM (electronic sensor) may be erased or 
miem@ea Oacek on. Finally there are other non-graphics 
commands for executing a preplanned launcn (the Sea of Japan 
Scenario provides five "canned" Blue launch plans which 
peeme@umtne player to get Many aircratt up at once), or 
Setaining Dearing and range information, or overrricing the 
NWiSS generated NIDS assignmerts for friendly, neutral or 
enemy platforms. Figure 2.3 shows exaauples of some of these 


commands’ syntax together with an example. 


24 





| 


ing pay ME a a RR Li GG RG Sl RE OM oll RRS NA I a i I eG O_O 2 Ra I QO) ce SS 


Peace (a) CIRCLE (around) FORCE <force-name> 
GRID DRACK <track 
POSITION <iat> Geo hig > 


(radius) <nautical-miles> 
MPTRCE (a) CIRCLE (around) FORCE MP604 (radius) 60" 


CeNMER (plot at) FORCE <force-name> 
LHACK <track #> 
20ST TIO N <latitude> <longitude> 


P@ergtk (plot at) FORCE KITIY" 


<CIRL-F> <plan-name> 
PoC eet eR d4dSTRCAP. PRE" 


BEARING (and range from) FORCE <force-nane> 
TRACK <track #> 
BocemeON kato <long> 
(to) FORCE <force-name> 
DeAC Ker back, => 
Pest THON <lat> <lLong> 
iene G Hand range from) FORCE KNOX (to) TRACK 3S004" 


DESIGNATE (as) FRIENDLY <track #> 
L as 


CS BeSIGNWATE (as) ENEMY BUOOW" 


prior to its complete entry and acceptance by NWISS. 


Figure 2.3 Graphics Display and Other Player Commands. 


As shown in Figure 2.3, execution of preplanned 


PVimenesrls adccOmpiished witn a "control-r" followed by the 
plamenane. CL greater 1mpoOrtance is the "control-k" char- 


acter with which the EwWISS player may cancel any command 
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acre word and Character erase functions also in NWISS but 
they are not pertinent to a continuous voice application 
which outputs buffered strings of data vice keyboard char- 
acter by character output. This means that the output fren 
the voice recognizer must be at least syntactically correct 
and thus in conformity with the syntax examples shown above. 
Ir general output strings must have spatial separation of 
command xeywords and arguments and spaces must be kept out 
Seo. Gitect rings which are meant to be contiguous since 
NwISS can interpret intervening spaces as completion of the 
fieid (e.g. launching an FI4 at 5 vice 5000 feet). Another 
requirement is to signify completion of command entry by a 


Mene s(carriage return). 
B. GRAAMAR DESIGN 
1. Overview 


As noted earlier, ten grammars have been defined for 
the NWISS continuous speech application. While the 
Steretiy-cLOrmatted structure of the NHISS commands conbined 
match the Verbex upper limit om grammar sizé helps to deter- 
mine the overall grammar design, there are numerous factors 
to consider in building the software (both grammars and 
Pasi@al procedure) for any application. According to Verbex 


PRet. 8: p.60], the grammar design goals are: 
'MmEmeOnLMprOye Lecognlte1On accuracy 
e to a@liow for feedbacx 
wmeOrahlew CONEINUity Of Speecn 
“weeeOeallow Natural pauses 
e to reduce response time 


© fomea Wlew Orror Correct i0n 





e to reduce storage requirements 


AS With most sets of goals, there are some incompativilities 
azong them and tradeoff decisions must be made. This 
chapter section will briefly describe the Verbex tools used 
to define grammars, describe the major grammars built for 
NWISS in detail, and, wherever appropriate, discuss grammar 


design gcals and tradeoffs vis-a-vis tne NRISS application. 


2. Werbex Grammar Design Tools 


Se aT SF a 


ae Verbex Standard Notation (YSN) 


In a takeoff on Backus-Naur Form (BNF), Verkex 
has created a very icgical and understandable neans for 
cerinirg grammars which must first be described in order to 
define tne NWISS grammars. The basic elenent of VSN is the 
Orgece, wolch may be ceitner sigale or complex. A simple 
object is a word that the user actually speaxs. aA compound 
object 1S a category, or group of objects, and is so denoted 
megeoeracanG a period in front of it. Note that a compound 
Semectecdhn Eepresent a group of Compound objects as well as 
Semole OL jects. Within a compound object definition, alter- 
native objects are arranged vertically and consecutive 
Semects dre arranged horizontally. Tnus to define a 
compound object which is used in every NWISS grammar, we 


write 


pr Geel ees 


WOON If 2 


tO Gepresent the fact that any one of the ten digits may Le 
spoken wherever .digit appears in a higher levei compound 


Sejece or Grammar definition. Thus 


2/ 





MEOUt ees ]— sed he tee 1 tec loiet 


Soulamcurtice as the VSN definition of a compound object 
used frequently in NWISS. It may be noted that sometines a 
Sourese Nay be Specified with only 1 or 2 digits. VSN 
defines optional objects with brackets. Hence a better 


definition cf course might be 
SCOURCC NS —  JGphg@te cc igit Iewndi.g1t | 


@omaditOw SUCh variation. However this definition of 
fcourse"™ implies a time constraint: the Verbex 3000 will 
consider the above string to be complete atter the first 
digit plus a hali-second of silence. Tnus the user needs to 
iMhewetenis SO that, 1£ a course is to be specified witk 3 
digits, it is Spoken as a continuous String without pauses. 
The tradeofiit here is whether users must enter "course" as 3 
digits alwavs (in which case the Verbpex 3000 waits until its 
timeout threshholi, arproximately one minute, to receive all 
Eeewolts) OL whether they can enter "course" as 1, 2, or 3 
Gigits with no intergzittent pauses. 

Finally VSN allows an unspeciried amount of 
Bepetitron of the saze object through use of the "+". In 
Mer SS, aircraft altitudes can vary by severai digits in 


Pemgen. Thus the following definition 
sclbie bUdG, 32 ce— eed Gant + 


accomplishes the same task as several consecutive, brack- 
peeeweeracentical ocjects. Again, however, there 1S the same 
time constraint imposed on the user as above with brackets: 
no intermittent pauses. On the other hand, a user could 
epemeaeorgits Continuously up to the Veroex 3000 buffer linit 


Seecocedigats2 with the above definition. 


Seo pai ning Course 


28 





meCcOGUIONgG TO VeEbex aRert. 18: ps G4], “a grammar 
nition has been completely defined in terms of simple 
objects. There is no limit to the numper of levels this 
definiticn can take, nor on the scope of complexity of any 
feveue  T0 sec how this definition avvlies, the VSN defini- 
tion of the NWISS grammar "position" is shown in Figure 2.4. 
This grammar 1s confusing at first glance since it seems to 
provide for both latitude and loncitude but without speci- 
Mmerng woich. That is precisely the job of tne application 
codes it werks in cohesion with the grammar design and 
Sees POSITtion twice for recognition, tne first tine with 
Efe econmee "TATT TUDE” and the second time with the prompt 
MLONGITUDE". Here grammar efficiency is achieved because 
tre aoplication code taxes advantaye or the natural pause 


which occurs between latitude and iongitude expressicns. 


Peoeeeron ss 1] .<digit .digit {[.minutesy™- direction 
GONg RO. 


| 
| 
| 
| 
“ielees 22= = -od1rgit «digit | 
pole CC EVON «3.7: = A aedlealet ss = s | 
E 2 | 
¥ 3 { 
4 
aC a ees > | 
1 0 
2 y 
3 8 
4 9 | 
5 
| 
J 


a 
| 
| 
| 
| 
| 


Figuce 264 NWISS Position Grammar. 
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With that understanding, we may note that 
EGuweeuOmelas ay Optional complex object, «minutes, which the 
user 1S reguired to begin with the sentinel "dash". Since 
NWISS reguires the dash from the keyboard as well, this does 
hot seen burdensome. Less complexity and greater accuracy 
are achieved with the object .6digit defined as part or 
eRinutes. 

NOLC wa SOmEndemmecNTROL IK 25 an alternative in 
tnis grammar as well as all other NWISS grammars: the usér 
May cancel tne NWISS command at any point. More rationale 
Bomemene CONTROL K will appear in the discussion of the 
grammar Nwisgrant. PUbe omy toa orpex Nill (oOutour N, S, 2, 
oc W in accordance with the voice signals which the user 
mens SOr those symbols. in other words, the user nay 
tween and Speak tnese as "North", "South", "East" and 
Miersot. Finally, note that the grammar wiil not prevent 
Mieonrect CXEressions;s one could easiiy say "120N" for 
wamiemao or "955" for longitude. The primary purpose of 
Glammar derfiniticn is to define what can be said legally. 
meememting illegal expressions is a “side™ benefit which, ic 
PaeweartOO far, Can cost too much in complexity, a subject 


Gr the next section. 
k. Verbex Grammar Editor 


The Verbex 3000 SPADS nas a menu-driven 
meirey, Called GRID, £or cCreadting grammars which is basic- 
Geiyesiser Cricndiy. With GRID, the designer inputs poter- 
Meaieegrcanmars £LOr ah application in VSN form, pushes the 
Peewee “application generate” runction Key, and sits fack. 
PremEecsuit, it the graMiars are not too Complex, is a 
Comeecte apr-lication less the Pascal control code. In other 
Women ch DS AUtTOmaticaliy interprets the GRID-built VSN 
PMeemwand oUulIGS LeCOgnition instructions for the Verbex 3000 


teiiling it when and where to look for acoustic input 
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including long and shcrt silences for the grammars in that 
application. It also creates all the files necessary for 
user voice training and testing of the grammars. 

Regarding complexity, SPADS generates a report 
for each grammar which states the number of individual words 
in that grammar, tne percentage of machine vocabulary 
Steacicty that total represents, and, most importantly, a 
determination of the grammar's complexity expressed as a 
Memeeentage Of Machine Capacity. Comolexity is based on fotna 
Maeer OL WOrdS and number of node transitions in the 
grammar. As this complexity percentage nears 100, the 
Verbex 3000 ability to remain "real tine" is reduced 
eer. Ss pp. 72-75]. However SPADS generally (in the 
author's experience) will not generate a grammar with 
complexity higher than 90% for the naximunm capacity aodel 
3000 (four speech processing boards). The formula used by 
Verbex te compute complexity is too cumbersome to describe 
Meme and 1S fully explained in {[Ref. 8]. However there are 
tnaree imrortant factors in the computation: 

[Picola HUnDeLT Of CIStiIinet Simple objects or words 11. 
bee —GbA nmar ; 
Peeeetotal mumber or words that may occur as the first 
word of a legal path through the grammar; 
Be The average length 9m ali possible patas through the 
Grammar. 
To provide sore yardstick measure oz complexity for compar- 
Meonewien Other grammars, the report for tne grammar 
Poot t 10 nwuS: 
Total vocabulary is 16 words 
MOCGCadDUtdiny 1s 2 1 OLecCaDaci ty 
Gonplext ty 1Seedn of Cavacity . 
The average path length is the major factor in the 
Comtex ity o£ the PoSition grammar. Most of tne NWISS gran- 


Timoeeralioam the 40 t0 602 range Lor Complexity. 





Ee W®LSS Grammars 


Nig oD ae ee ee ee 


ae Nwisgrant 


The first grammar from which the Verbex 3000 
gece nmptes CO recognize NWISS commands is Nwisgram1]. This 
grammar is called in for recognition by the Pascal applica- 
tion code as soon as the previous command has been output to 
MyioSe LtS purpose is to allow the user to begin any leyal 
NWISS command and then, based on the recognition result, 
mewowe tne application code to call in the next appropriate 
grammar. The number of ways that one can bejin a comnand 
are numerous: 

FOR <adcdress ee> 

Graphics conmand 

Other non-graphics command 

"POR" command without "FOR <addressee>d" 

(when directed to same addressee as before) 
pased on trial and error experience, these requirements are 
too large to be handled cry any single grammar on the Verbex 
39000. Using two or more grammars will not solve the prebler 
Since at any instant cnly one can be recognized and there is 
ho prior knowledge as to which is needed. Tne only possible 

olution 1S a Compromise with the reguirements 
Weeectitidnate the crossibility @f beginning a "FOR" 
ccmmand without the "FOR <addressee>". This seems 
only a Siight inconvenience to the user. 

2. Create a sentinel for graphics commands so that a 
separate grammar can be called in upon recognition of 
the sentinel. This was done using the sentinel word 
"display". Hence the user must say "display" and 
pause for a hali-second before entering any graphics 
Commands. o8hlS LS am inconvenience but in practice 


~ e oad m > 


Mee otarOr nad eller Lemar wtellty am adapting to it. 





Semeeeecnird possibility is to divorce "FO8" fron 
<addressee> so that the user is reguired to pause 
after "FOR" while the application loads a grammar 
containing all the Blue force-names. This was tried 
ang Mwecoved difficultwas 2@t violates the rule of 
placing grammar boundaries where natural pauses 
OCCure “FOR KITTY" 2S Much more natural than "FORK", 
mails Spar YM 

Another design questicn was how to handle the 
Pe@ntzol ©" for executing prederined Blue launch plans. 
Peeoueag the user say “control £" or some more weaningful word 
such as "execute"? The latter alternative was chosen as 
being €asier to associate with plans and not Leing confused 
Mme OoL ner COontrcl character, “control_k", used for 
cancelling commands in mid-stream. This character is guite 
Peemanent in use in NWiSS, has a distinctive acoustic 
pattern, and is shorter than some phrase such as "cancel 
Sommanda". Hence "control _k" is used as it looks. [In both 
cases, the apslicatior code converts the recognized string 
momee JrOper ASCII output character for NWISS. 

Saris tivgerenc aSolicatton cove can make the 
Memes task, easier by not requiring "pre" to be said azrter 
Paen plan name. Ihus the plans are specified as AO6SITRIKE, 
Perel, et cetera and the application code taxes tne recog- 
Peaeeeetan name and attacnes “.PRE" £6 1t aS reguired for 
malLSS. 

The requirements for the tlwisgranl grammar have 
been refined well enough that the jrammar can be specified 
ween otgure 2.5. AS noted Garlier, objects suche as "1.1" 
Cannot be entered into GRID. The period is illegal except 
demene first Character of a Complex opject. Hence the 
Beeesicat?on code must convert “ipoint!"™ to "1.1" ror output 
Pomm™@itss. Another application code Conversion occurs with 


eaircraft because the Verbex 3000 outputs a space between 





ee ee 
| | 
| | | 
| Nwisgram1 ::= FOR .force | 
| 
DISPLAY | 
| SXECUTE .preplan 
DESIGNATE «Status | 
| CONTROL _K | 
| 
DEAR ING LTRACK | 
| 
| BEARING FORCE | 
| BORGs | 
PRC | 
POSITION | 
| 
m= enels 32> FRIENDLY NOC Plans >= Exootnd KE 
NO ee SAITERASW | 
BWE AY BCAP1 
| 7 . BCAP2 | 
meorce =5s= 1pointl FIYSTRCAP | 
aomee rat © 
7 .Ship/rase | 
: vee | 
Pi 9. TOME Crdce..— He OU ood 1G earn 
mouive/Dase ;:= KITTY SH 20 2) - Gl Gia eme| 
KNCX VA Sorat. 5d i Gane s | 
eo V=E0 Q Gary aee | 
| MCCOK VE1 0 Oh a 

MISAW ee Cede et, kg 1 t | 

OMAHA VHO QO So Moit 
RATHB VKO 0 ot Ga 
SEEUA VSO 0 Sd. gic 
head VIO Q 01 oe | 

WEESO Vio O oe Gack 


abhor theta os NWISS Nwisgramil Grammar. 


Eee ojec=: 74 recognizes. Hence "MP604" is piaced in a 
ruffer as "Mp6 0 4" where the prograa tnen renoves the 
Omsemaria Staces prior to Output to NvwiSS. foo many conver- 
owememoreneas "lei", "PRE" and airerart callsigns add to 
Mememerensth ang Cotplexity of the application code and peten- 


Puimeyecan Slow the real time capability of the Vertex 300u0. 





Hence tne eifort should be made to place objects in graamzars 
exactly as they are to be output where possible. The SFADS 
Beport £Cr Nwisgrami1 is: 

Total vocabulary is 49 words 

Vocabulary is 14% of capacity 

Complexity is 48% of capacity. 
Here, by comparison, the complexity is somewhat higher than 
Btremeisi¢) £OL Positicn, due to the driving factor of total 
mamoer Of words. 


MueoOre ec, back, and Position 


The last three objects or Jwisgraal's top levei 
definition are not just objects but also the names of three 
individual grammars. Their appearance in Nwisgrami is 
necessitatec by the syntax of the "BEARING" command as shown 
Pe oure 2. 3. Because roORCE, TRACK and POSITION are used 
often aS command keywords and the size of their respective 
argument domains precludes lumping them together or inside 
some other grammar and the argument can be made that there 
is a natural pause after these keywords but before specif£i- 
cation ci their argurents, they have been specified as 
indivicual crammars. Since Position has already been exarn- 
Mitegeisee Figire 2.4), the Force and @rack grammars will Le 


described. 


Merce 12= 1point 4 


oa Lhe hd © -orngoases ::= WONSA 
-Sshir/pase A bens 
~orngbases PETERO 
CONTROL K VLAD 


fiiemenerce GranMar 1S Gulte Simitar to the complex object 
wee wine viscramt. The only dicterence 15 the addition of 
wommepedses cCecause NWISS aliows the siue player to request 


BeaGajgs on Orange bases by name aS weil as positicn for 





convenience. Hence the redundance between Nwisgrami and 
Force is considerable but necessary: one jrammar can not be 
devised to do the jok of both. This grammar overlap has a 
Soest teris Of Storage Space and user training tine but is 
EpavosGarblie. The SPALS report for Force is: 

Total vocabulary is 37 words 

Vocabulary is 11% of capacity 

ColpLexaty 2S 56% Of Capacity. 
Mee enunber of initial path words (27) is the major factor in 
bars Complexity figure. 

The Track grammar is relatively small and siizple 

meiitemers Called quite often: 


cS ts 3 = Ea eee Gc mer Ulng, det 
FEO .digit .digit 
PPOMeaicit digit 
ESO Meda Gist serena. 
PUQHRed a Gi ce. Gasgeine 
CCNTROL _X 
Beem ene: report for Track is: 
Total vocabulary is 15 words 
WOeceapidary 15° 5400 Wed sacity 


Complexity is 24% of capacity. 


Nopwsece hewethe apolwueation code cones into. play, 
consider the BEARING command: when the user says "EEARING 
meeee for example, a cOmplete path through Nwisgranl 
exists and the result 1s placed in a buffer. The applica- 
Beonmcode analyzes the buffer centents anc determines that 
tne bufrter contents should be sent unchanced to WriSsS with a 
Pemee agoter "FORCE", them Calls in Grammar Force for recog- 
nition, checks the contentS again ror necessary conversions, 
Outputs the converted string with a trailing space, returns 


to Nwisgram1 to see what the next xeyword in the command 


“memmeevemiaT Choice Of FChCs, =ZRACK, or POSITION), outzuts 





this keyword followed by a space, calls in the keyword- 
Specified grammar, performs any necessary conversions and 
Oiesuts the String followed bv a <Ck>. 


Ga ois Diay 


AS previously discussed, Nwisgran1 contains the 


eemeee. “DISPLAY to allow the acpiication Control software 


<a > ee ee ee ee 
a Se ee eee ee ee ee ee | 


i 
| | 
Display £2:= hApLUS .digit+ 

Din Grae ne. | 
Cia lee TrORCS | 
CENTEin POSlL? IC | 
PLACE «What» .woere | 
CANCEL .what .wnere | 
PeOl LO Geo | 
PLOT DOD yoON A | 
Shao 2) O3: ont | 
Boao © LOS SONAR | 
CONTROL_K | 

| 


mwa t,o: = 


PsA 
oe td 
ba Hod 
mx 

we TO ty ry 

trOrwO 
HIM 
HNP 


} 


Fag imce 2.0 NWISS Display Grammar. 


omer In tae GlrAmMar@with that name Snown an Figure 2.6. 
Mee SPAMS report on Display is: 

Total Vocabulary is 285 words 

VOGCaDUlary 2S ©? Of Capacity 


Complexity sete mon Capacat y. 


i) 





| 


Pe sOrders 2;=sALT ETUDE waag2 t+ 
BAKRIER 
BINGO 
CONTROL _K 
COURSE .digit+ 
COV ER 
EMCON .plan 
PORE 
WES SiON Seoriess 190 
ORD ES 
PROCie Dees tron 
Raye ear io ome aG, 1eya0 
SE eb Deering: bt 
TAKE 
Week PONS Fao k @ 20N 
WEAPONS TIGHT 


Mission ::= ep laneess = 


TANKER 


3 est 
GOH RPHitd 
Ut Oro = 

Pr 


A 
Pole 
ReaD 
Sn Le 
SONA 
aun Ee 


NUM C) & n> 2 
GrHhibie WW 
Hod hte hy 
OHOSD 

me og 0) 

OE ES hae lee: 


So deragiLt = 


Plow! 2 2 = 


ae et 
Bit oe 
lofi) © 


+ 
iS 
fos cs 


ey a eh I 5 i a NR mem a gy A i I cr I ams a cece eM oa Re Ge em HR I ca A I I et 


Cc 

x 

mj 

> 
MW) wo 
Garey 
stort eo 
hj 
C0 


== I: ee Oe ener CN ec ee eo ee ee ill peme gee SU te eee Ge oe eee 





MGiie 2.7 N#ISS Airorders Grammar. 
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d. Airorders and Shiporder 


These two grammars are the largest and most 
complex developed for NWISS. The difference of singular vs. 
plural in the names is due to GRID not accepting gramaar 
names longer than nine characters. AS tne names indicate, 
there is sufficient difference between the types of orders 
that aircraft and ships receive to justify individual graz- 
Sams) 20r CLeasoOns of reduced complekity and increased 
aceGuEacy. Cne of these two grammars 15 called rron 
Nwisgraml every time "FOR <addressee>" is recognized (bctna 
emma rSAy call Shiporder). Figure 2.7 contains 
Airorcers. Here 1s the only instance of command arguments 
being excludei from a grammar because of lack of use at NPS 
and need for efficiency: tnere are actually 14 possirle 
aircraft missions in NWISS but only 8 naave been included in 
Paeorders. 

Figure 2.8 contains Shiporier. Comparison with 
Airorders shows that the two grammars have hine commands in 
common. SPEED is defined differently in Shiporder because 
Ship speeds can be narrowly defined. If ships ever go 
taster than 39 knots, the grammar aust be changed. fhe 
Pees Feport ror Shirerder 18: 

Total Vocabulary 1s 42 woris 
Vocabulary 1s 12% of capacity 


Gonpuewmity 1S SaAmot capacity. 
Ce Launch 


Because of its dirficult and lengthy svntax (see 
freee 2.2), and 4 Large vOoCalLubary Ereguiarement due to tne 
Hee qe m@rer Or alrcrart types which can be Launched anc the 
large number of expendables which can oe loaded on the 
Beeeeeee es the LAUNCH Command Merits its Owh grammar. ine 


Pwnemearanmar car Only be called arom Sniporder When that 


By 





é é - 


| | 
Swonrder @2= pL1 Pp wron7ore 
CONTROL _K | 

COURSE .digit+ | 
DEC Teo OL © | 

| DEPTH .digitt | 
Ee Gere leat | 

PURE l 

LAUNCH | 
| ORDERS | 
PERISCOPE | 
| PROC er PPOs Tey | 
| RBOm 4 On Or f | 
SPEED .digit 
| Sioa ee Gels inte me Goce te ! 
STA TION | 

SUR PACE | 
TAKE | 

| Veo rONS FRo dg 21) OW | 
| | 
| 
| 


EEA DO WS ead) 


monZ,ecrt :;3:= ON SoG Git eee eo kaa 5 5 aE A 
OFF Z Pees 
S FADIA 
ehow := ALE SlLEN 
ALL SONAR 
SNENY .enemny setlemy < := a7 ou hE 
SUBMARINE ALL 
SUR LT AGE SUBMARINE 
SURE ACE 
= ate es 





Puceure 2.6 NWEISS Shiporder Graanmar. 
cozmand is stated ry the user. As noted earlier, only a 


Simplified version or the command syntax iS supported in 


Pieeeaety.1Ccdti1On and hence the Grammar is smaller than night 


4Q 








HMcecww se sG1Git .daGCkttyrpe .acfttype digit 
sCigit | sGiere ) ..Wweasitoad 
CENTRO. K 
LOAD 
PROCEED POSITION 


| SOE 
| 
| 
| 
: 


Fe ee ee Pe ee] 


maeGrttype ::= AGE «~Wphnsioad :3:= HARP 
ATE MKG6OA 
EZe MK 82 
EA3B MK8 3 
&A6B MK 84 
FU4A PHENX 
FUT ene 
K A6D SPARE 
P 3C S280 
S3A S$Q47 
SZ SoC sS 
Sou Sowa 
SwWDR 
WALLI 


= 


SS Se ee ee ee as ee ee ee eee ee 


PLEguLte 259 NWISS Launch Grammar. 


otherwise be required. For instance, the <event-name> argu- 
ment can only be specified as the repeated aircraft type 
meieesds simgGie digit. The choice or “FLT PLAN" commands is 
Peeteed tO 15S LON, LOAD, PROCEED POSITION, and STOP. Here 
1S an instance where the aprlication program is used to save 
granmar storage space and compleyvyity: the MISSION connmnand 
emits Cight arguments are not part of Launch. instead the 
Pepeercatiemecocepcalls in Alperders@sor recognition at that 
point, provides a display message to the user (feedback and 
guiagance to users is described more fully in the next 
Seeorem) asking for the misSion, outputs accordingly and 
Pomuentsceto the Launch grandar for the next recognition. The 


Same is true of the course, speed ani altitude arguments for 
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Pweiciewhorern a "utility" grammar, Digits (exactly what its 
name implies), is called in three times with a different 
display trompt each time. 

The implication above is that grammar design and 
application program design are intertwined so that ccnsider- 
ation cannot be given one without the other. A further 
fMippieicatzOn ts that the user is forced to follow the apryli- 
cation program sequence of directions in entering the launch 
command. From one viewpoint this simplified syntax and 
controlied seguence cr input eases the user's job. Fron a 
different point of view, it costs the user in terms of the 
Brexibiiity afforded ty the keyboard. (Oz course there is 
always the option to increase grammar and program complexity 
momerOvide Slco flesibility.) The SPADS report for Launch 
es 

Total vocabulary is 41 words 
NoGcabDulary is wizxsOL Capacity 


Complexity is 40% of capacity 
fo. Fre 


The FIRE (TORPEDO) command syntax appears in 
migiren 2.1. Lm dddition to torpedoes, NwiSS plavers can 


FIRE cruise missiles using the foilowing syntax: 


Ike <number> <name> CRUISE (missile) 


hy 


AT <shore-cbase> 


EZARING <degrees> RANGE <nautical-miles> 
iaerers- 0A Fine 3 HRPON CRUISE (missile) A? ALEKS" 


The Fire grammar can be called from eitner Airorders or 
Sure ordobeana Appears in Fagure 2.105 Althouch the FIRE 
Soumlanemds meh less complex than LAUNCH, it still has a 
large enough vocabulary requirement to merit a separate 
Cmammeaeee AS Nkteh LAUNCH, the FERE (CRUIS®S) command is 
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PEOKEN info parts. Hewever the application code does not 
Eranch to other grammars but simpiy recalis Fire until the 
command iS complete. The SPADS report for Fire is: 

HOtd le VOcan Ul homes O° WOES 

Vocadulary eis 6.0 o2 Ca paci Gy 


Complexity 1sovs2Z78ck capacity. 


Pepe: = .digeerwemumecy 9° CRuas & 
Medi tentOmpeype LORPEDO 
AT .base 
BEARING .digit+ 
RANGE .digit+ 


CONTROL_X 
somuaSstype ::= sGwnHk -tOnp@ype.:i= ASROC 
HRPON MKGE 
MKYUOA 
-kase :3:= ALEKS MKYS 
oo ne} 
VLAD 
WONSA 


mem cs re es ee Ee ee RI ee ee ee ] 


| 


So. 2 Se eS ee ee ee ee ee ee ee ee ee eee 


Eigqur e Zend NWISS Fire Grammar. 


CepeeeaoecalL PROCEDURE CESIGN 


Kumerous rererences to the “apsiication code" in 
preceding sections have aiready indicated what its purposes 


are. 


e to freviie for the control of the interactive process 


bretween the user and tne Verbax 3000 


CO MOO Memo ata CUE DUE SvO, Ene wmost, Drocess, NWISS. 
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Hence calling the correct grammars in seguential order is 
not enough: feedback must be provided the user so that he 
knows the machine's status at all times. In part this is 
accomplished automatically by indicator lights on the Verkex 
See Ueea SeConsole. In part it is accomplished by the 
system response of the host process to which the user is 
inputting commands. Finally, with regard to the subject at 
Hand, it 1s also accomplished in part by the visual ané 
aural messages which the application program generates to 
the user through the User's Console. (No aural feedback is 
Hsed in the NWESS aprelication). 

Appendix A of this thesis contains the approximately 500 
imees ©f Pascal code used to control tae NMWISS continuous 
MomecendteltGatioOn. This chapter section will describe the 
Verbex predefined functions which appear repetitively 
throughout Appendix A and predefined types and explain the 


reasons underlying the programming tecnniques used. 


1. Verkrex Predefined Functions and Types 


I ey awe 1 


It was noted in Chapter 1 that Verbex has created a 
Pieeansy Of about 20 frederi ned Eunctions to ease the 
programmer's task. However the SPADS is still in beta test 
Staeus and Many of these functions do not work yet, though 
they are defined. Of those that work, only three are used 


in the NWISS application and are defined below: 


ie eccqnize ({ratmarname, buffernane) is the workhorse 
UbGelonaes tt tellsoetne Veroex 3000 to begin 
iisveripe ©£Or e@COlistic Signals »matching the raned 
Grammar and to place the output result in the named 
biveeser (Of See "String"). All Verbex functicns 
return a value or type “short" to indicate success or 
Saliure or some other appropriate result. Recognize 


can return four values: 1) voicein means success 
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2) recognize-kad means failure 3) timeout means no 
input which could be classified as recognizable or 
unrecognizable was received for approximately one 
Minute 4) keypadin means the recognition cycle was 
interrupted by the user from the User's Console 


Keypad. 


the contents of the named buffer (string) to the host 
Somputen “(NalSoein fhis case) and simply returns 


Success or iailure. 


3- visplaynessageclear(display prinary, nessage) tells 
the Verbex 3000 to write the message (of type string) 
Momtnue IJ2 character display on the User's Console and 


Samipiy Leturns success’ or Lrailure. 


Seme ther LurECeLOnS were investigated but Ecund not 
to work. This was unfortunate as it made the programming 
task for NWISS a rather tedious one in terms of Comparing 
and manipulating character strings character by character. 
Wordcount (striag), Wordsind (string), Stringcopy (string, 
String2), and Stringconmpare (stringl, string2) are fairly 
Gescriptive names of functions which are defined in [Ref. 5] 
and are expected to work with the next SPADS software 
release. Thus the Arrendix A software will neec a fair 
amount of revamping in oraer to taxe aivantage of these new 


functions when they are available. 


we ee Ses Se a 


ite “JOD OL bEeCVOlc © aDoLtcatiOn programmer is to 
Wolte a Fascal procedure with the name "application". Only 
that name will suffice as the procedure is igbedded by the 
SPADS compiier into the standard operating software ror the 


Vercex 3000 where it is called at the appropriate time. The 





NRISS application precedure in Appendix A uses a high numcer 
of labels (35) and a proportionate number of GOTO state- 
Pemeoe imls 1S due in part toe the fact that it was not 
possible to define functions of the predefined type "string" 
Such as wili be available from Verbex, and in part to the 
tact that tne GOTO statement is efficient and saves one from 
indenting off the right side of the page ina highly nested 
environzent which easily results when jumping from grasmar 
eamgratmar. fhe program 1S 25,000 Eytes iong and hence 
mmose, tO) tne Verbex 3000 upper Limit of 30,000 bytes. For 
emis beacon and to allow room for growth, the comments have 
beer kept to a2 Minimun but are irtended to be adequate for 


the purvose ort future updates and maintenance. 


-—— oe ee See ee 


3SPADS Training Course 
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Tift. GSER*S GUIDE 

Bomuscetne NXISS Continucussvolce application properly, 
ohe must invest approximately three hours botn in learning 
the operation of the Verpex 3000 voice terminal and in 
training voice patterns to tne grammars. This investment 
may be two or three times more than that required to become 
PEOEICient at inputting NWLSS commands Irom tne keyboard 
(given that one aiready has a fair amount of keyboard expe- 
rience). Nevertheless, it is the author's opinion that the 
investment in voice input will more tnan pay for itself in 
time saved and reduced aggravation when several lengthy 
“ISS sesSions are to be played. The reasons for this 
Opinion have already reen stated in several places in this 
thesis and stem from the inherent advantages of voice input: 
naturalness, speed, hands-free and evyes-free (relative toa 
Meeeeara) LNput. Further 1t 21s dirficult to output mistakes 
Diet he sense that the NYISS grammars only have “correct" 
objects to be output and substitution errors are exceedingly 
rare 12 a person has taken the necessary time to train voice 
Paeectns prcperly. ihis chapter will move seguentially 
through the steps which a prospective user oz the NWISS 
Seucmmdots volce apolication should Eollow in becoming 


Peon rcilent. 


A. LEARNING DPERATICN Of THE VERBEX 3000 USER'S CONSOLE 


Verpex has puplished a very readabdie, lliustrated oper- 
ating manuai which is called the Supervisor's Manual 
Peeae 9]. fhis tanual should ce skimmed and referred to 
SiGe ngeene wuser’sS first logit to the volce terminal. The 
Gal, amoliftying instructions are that after the systen is 
rowerec up and completes its selr-boot, the user should type 
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nwiss/nwiss 


One the Verbex 3000 associated VT102 keyboard. This will 


cause the NWISS application to be loaded. 


Be. ENROLLING THE NWISS VOCABULARY 


Mice rrst Stehpyln trainang one's voice patterns cn the 
Verbex 3000 is to enrcll the entire vocabulary (NWISS vocab- 
Macy 1S 151 words) at one time. This means that the Verkex 
BeuoOeWlil automatically step the user througn ali 151 words, 
requesting each to be spoken twice, occasionally three 
times, to get an initial set of voice patterns for eacn 
Wome this process should take only fifteen tinutes. 

Tn Order to make the enrollment process j3 smoothly, the 
user snould take time beforehand to loox at the vocabulary 
and decide what pronunciation will be given each word. As 
Bany or the NWISS words are really just symbols put together 
tO MaKe ai aiccraft tvce, weapon type, track number, cail- 
Sign, et cetera, it is izportant to do tais beforehand. See 
iteoesenw iit £orga complete W1ISS vocabulary ordered (column by 
coiumn) the same way as the Verbex 3000 will present it. 


Bagge sted CLuLeS of thumr Tor pronunciation are: 


Pine gGehetal, Use the moSstenatucal pronunciation which 


cemes to nind. 


oe GOncunce NUMLEDS Whalen appeal as part of £ixed iden- 
tifiers naturally, e.g. "Fi4a" as "F fourteen A" or 
Tike aS 4 NakkK LOLEy-ergbt'. 

coe OmerOnounce GigitsS which appear as part of variable 
strings, e.g. callsigns, tracx numbers, bearings, et 
Cevosdnedse uiclyi1dllal dugits~pe.c. “ALTISUDE 2500" as 


WALI fou De two L1Ve Zeromzero". 
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dOLS 
ven 
c90SS 
€SOSS 
LH OSs 
BESOS 
ais 
uUVdS 
MIUYHS 
XNAHd 
neAan 
€ OW 
CBW 
dW 
qvot 
HEHS 
weHio 

VES 


COV 
LALA 
Yold 
Ss 
He Va 
Ga 
TLV 

dq 9W 

H ONO VT 


GANTYVNans 


HIV 

TTY 

qd ad 
DHOTL 
SNOdWVdGM 
di ‘Id 

J JO 
WOAC 

NO 


YOY 


Ad Nal Liv 


dad Tuy Vd 


YHA OD 


OM WE 
Sav 
VIdVu 
HAY 

Fad ns 
Nats 
fOO ha 
Suda do 
OONA 
Td Oddd 
OON Id 
dYOULS 


YAMNVLYLY 


ASV 
a4¥TY LS 


Oa S Sil 
GOVAANS 
Hiddd 


qd OVS fddd 


Qddd 008d 
Be clO® 
NOTIWILS 
GdddS 
V9OnMH 

9 Hh 
Seis 

8B hyll 
Oda dYOL 
qd ONVE 
QWTA 
YSNOH 
OY Ldd 
SMATW 
LY 


MHW Od 
NOdYH 
Seis 
Jud 
ON 
OSG 
Odd 
Odd 
OVE 
WOW UL 
5 


1 


NOIZISOd 
Siar 
MUVWX 

1 OURS 


THON VD dVOuLSit 


dOud 
WSd 

ASV dd 
YVNOS 

qd OT 

LO Td 
Cia 

a Ovord 
YALN GO 
AVids 17 
HOY Ou 
ONTAVdd 
Ad NG 


ATANGTLI de 


TVYLNAN 


SUVNOTS ad 


CaN Od 
LdV od 


KzeTnNqeoon SSIAN POTSpAO-juUNMT ToIAUuyA 
TIt devs 


GE dite? Y 


MS WuIvd 
TL NOX d 


nN 


= NN (oS to 4o.-  «€©6SoO 


0 
LINIOdt 
OMA 

OLA 

OSA 


OHA 
OdA 
Lada 
OA 
OWA 
LHS 
9d 
OS 7a 
leu 
YNUds 
GHiLVa 
VH VEO 
MYSIW 
YOOON 
NYS OT 
XONY 
ALJ IM 
¥Osd 


OVA YM LONLNOD 


RS SN Se I A a ye a re pr ee te emi ew we en mm cm mm i me me | 


er ee eee, eee eee 





wieweomcunce —, NN, E, W, and Ss as "dash", “Ynorth", 


Weast!, "west" and "south". 


5. Do not use the phonetic alphabet for individual 
Boe ecCenprOnuUnClationamm~he 1S NOt Nacural or neces- 
Save 8 Of exXanple, pronounce "“VAQZU" as VGA Zero 
EVOwrOlro men Ote VaClCO Eb sabpaa ... 


6. Give the full pronunciation to abbreviated ship 
names, Shore fase names, ani weapon names, e.g. 
ior uance 7 "Tonatdwk' 7 e' harpoon™, “Sidewinder”, 
“Misawa. ("Kitty" as perrectly acceptable for 
rete yy taew ki yi 


C. TRAINING THE GRAMMARS 


Mme next step arter enroliment is to train the NWISS 
granmars. This means that the Verbex 3000 will automati- 
Sobliy step the user through a large number of triplets (3 
Merads in a phease). This training can be tedious especially 
With the number of digits used in NWISS. However it 1S very 
Mpenmtant LO aCcCOupLIisSh this training properly to get.good 
Beeognition results. (After the enroliment phase, one could 
Gnoose to test his or her recognition accuracy on the Verbkex 
meeeverand would Lind scores frarging around 50 or 60. #fter 
the training phase, testing is automaticaliy invoxkec and 
Ssnould show recognition scores in the 90's.) 

To make this training less tedious, the following change 
has been made to the Verbex 3000 scheme of training: the 32 
character display on the User's Console will ask whether it 


as desired to train 
ALL GRAMMAES? 


The Gnly correct response 1s NO. Tt will then ask the user 


Which grammars to train individually. This is tne desired 
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mode. It allows the user to take a break in between gran- 
mars for as long as desired. With “allgrammars", the 
machine retains no memory of where one Leaves the ordered 
list of triplets and, in essence, a marathon training 
session is implied. For this reason, and to conserve space, 
the NWISS "allgrammars" is merely a shell with but a few 
Pferaes to please SPADS* expectations. Training the gran- 
mars individually should take about 15 or 20 rinutes each, 
G@epending on size. The Digits grammar is last on the list 
and may te left untrained as the user will get to train many 
digits in the other grammars. However if diyits ever seen a 
Peeolem, then it may be worthwhile to train Digits as weil 


doeeae Other grammars. 


D. oo NG 


After each grammar has been trained, the Verbex 3000 
Mere ask the user if testing 1S desirei. This is a worth- 
while twce-minute exercise 1n which the Verbex 3900 displays 
GC@mplete legal paths (not just triplets) through the grammar 
ged, azter the user has spoken each, displays the recogni- 
tion score for that utterance. Scores should generally be 
Puetne 90'S with a few 80's.  Seores in the 70's and below 
May indicate cetraining is needed. 

However complete raths through grammars are not comnylete 
NHISS commands. Users should test their "reei" for grammar 
boundaries, where pauses are reguired, by testing on NWISS 
Mesewee (etter training al’ grammars and prior t> becinning 
SeemdeLOm. FIgire 3.51 contains a £airly representative 
sample of NNWISS commands which the user should attemot. 
Pauses are indicated by "..." and prompts are inside 


parentheses. 
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uGE AONVY °°° OLT ONTUVGE °°°* ASTNHD NOGNH Z °°°* TUTIA °°° XONM WOda 
u6LOSH °°* YOwUL (0F) °°° XONN ° °° TDUCA ONTUVAGa 
NWeemtDUTOCdS) Mos > Yrogce (bur siya = 7p 0n (ecole ascuD) 
°° og~, (butareeq) °°* agn-67t °° ° NOE-SE (uOoTRISOd) °° * YAIHNVG °°° EOLHS WOdu 
nEOoNd (yOreT) °° ° OGAdGHYOL BHYW hf °°° AYIA °° ° VWHWWO YOdu 
uSoosd (yoeaz) °°° AMWE °°° ZLOWA YOLu 
wIOVAUNS AWANG JANA SNOMWGM ° °° ZLOWA YOdu 
nSQOSd (yoe a4) °°°* KWENA ALUNOISTIn 
udOLSu °NVId LTd 
unset “s duis Mi “°eCOYN 6 °° WEHHS 2 (avomdralo) =** Gvolw - Nita t a 
nTOE-GSEL °°° NLE °°* NOTLISOd GgIDONdu FNVTd Ld 
wnIMIYLS NOLISSIEw *NVTId Ltd 
n000Z (apnzT3Te) 
PoC heureotajer- a: Ofc (eSiINOD) Ss >oNl tov Foy 06 - =r NONI Tiere ome deine et 
wTTVY ANONA AINE SNOUVGM ° °° L°L UOdu 
moo (Sh epedy >=" (O0dH 72 food A19uho Aovid se ay Meo 
mMSYULVE TLINDIXTa 
wALLIM °° ° TOYOT HALNAD °°° AVTdSTICn 
wndWOULShld ALNOIXAn 
mOG@e Si Vu 6 et Volto tT diss 


- 


rpm a es ee Se eee ee er ee ee ee em me ee eS eee eS ee Sk Ga ee aie ee ee torre 


ee ee SS ee Se, ee ee ee ee ey ee ee ee SE) ey 
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E- OPERATIONAL USE 


After the enrollment and training phases are over, the 
interesting phase begins: actual input to NWISS. What 
follows are a few suggestions to make this phase easier and 
hopefully trouble-free. In general one should enter the 
NWISS commands in accordance with the display messages 
(which appear on the User's Console every time the Verbex 
3000 must leave one grammar and call in another) and with 
me, "feel" for those grammars obtained from training the 
triplets. Speech is continuous within a grammar but 


Giscrete across grammar boundaries. A few guidelines are: 


1. A pause is always required after sayiny "FOR 
“qo nes seep trop iA “FORCE, "TRACK, OF 
Eo tL ON '. Wate SOhwene appDrODELate GiSplay Eronpt 
bewore CONtinuing). 


2e- when speaking a field of digits, prepare ahead of 
time what they are and speak them continuously 
withcut pausing in the middle. However this is not 
Pane OL Moasations (latitude and longitude) , aircrart 
ca io Ore trace mumoeron(l.o, FORCE, TRACK, and 
PCSITION) which are defined as fixed length fields 
and may be entered as discretely or continuously as 


desired. 


See oim pie Cegmands which Rave only one argument cf 
piensa stoOl 16 sem ouokenmconerndousiy, €.g. "SPEED 
Seen Lo e250 oe Oteene L EU, 20008. 


eee Ore trate Euecenaanas (a,c. FIRE, LAUNCH, 
BARRIER, and STATION) the command keyword itself 
Seb veswaS Avent ay POlnteto OEnNer Graunars and appli- 


Cation code and hence a pause is reguired after it. 





D« 


Under "LAUNCH", <event-name> must be specified as the 
Geeetart type Pius a ‘sima@e digit, e-ag. "FI4A1" cr 
SESie 2. 


Conversation with other players can easily trigger 
recognition in the Verbex 3000 and cause unwanted 
Output to NWISS. Tais can be prevented by Swinging 
the headset microphone away and covering it with the 
Hata OF pressing the “SHOP! Hutton on the Userts 
Consoie. This latter method is most effective as it 
stops the Verbex 3000 from listening and 1s easy to 
clear: simply press the "YES" key in response to the 


WECM INUBS.”" message on the disolay. 


Weret Dahic if the above haprvens. "CONTROL _K" can be 
issued frow anywhere and will return the process back 
to Nwisgrant Talos neta COMMAND PLEASS" 1S 
displayed). 
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IV. CONCLUSIONS AND RECOMMENDATIONS 

The scope of this thesis was confined to the analysis of 
tao s Command syntax and the creation or continuous voice 
application software to meet the requirements developed fron 
mies analysis. The result is that NWISS users can input 
their commands uSing theic most natural mode of communica- 
tion, speech, as the means of input. While the thesis 
objectives are thererore satisfied in this practical sense, 
wreether the higher goal of achieving a truly effective 
improvegent in man-machine interaction nas been acnieved 
cannot be Known until incependent, operational testing is 
conducted. at this time no one but the author has trained 
their voice patterns on the Verbex 3000 and exercised the 
Meroo CONTINUOUS VOiCce application. 

Hence the principai recommendation is that the NWISS 
yvolice application be used, tested, refined and improved to 
ensure that the above goal iS achieved. Only through use 
Wili the pitrails be found and corrected. The requirements, 
as analyzed here, wili change over tige and be reinterpreted 
Several times as weil. New NWISS scenarios are certain to 
re aevelcped and require new force nanes, base names, et 
cetera. The Oranje side needs to nave its continuous vcice 
pereewede ton too: “hoperauliy that will not be difficult to do 
Meme gnt Of this thesis. @hus, like anv originai software 
fork, toe Niiss voice application Will need to be nodified, 
in ail likelihood extensively, ana toward that end it has 
meen aerLIned aLad O@FgGanlized througmetnis thesis. 

Some thought should perhaps be given to approaching the 
Peee rere ibom the other end: how Shoula NWISS command syntax 
be changed to reflect the needS OL voice input? One sugyes- 


Pinielsmeracei nt ss NOt wnanagie the theohing data character br 
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@mdmeaeclLer, as from a keyboard, but instead "buffer" and 
parse the entire command: the user can then "send" the 
Zee elaeit hs sitistdactory Or cancel it. Prompting can be 
adequately provided by the Verbex 3000 in such a setup. 

Some "requirements" have not been met. In particular 
Pict lity Low specify the "TIME" of a command 1s not avail- 
able. This 13 the result of a design judgment that it would 
Be too dirficult to provide and is seldom usei. Another 
itemeis the abilaty to get help (keyboard "?") at any place 
1n a ccmmand. The preblem here is that to get the desired 
efitect, every grammar must have a multitude or legal paths 
merjed whack end in "7", However, wath careful study, one 
might Le able to redefine some of the NWISS grammars to 
mepowe "help" to be spoken itn the middiS of a command where 
it might most be needed. Here is a situation where pernaps 
ierss mMOdi fication, such aS having a separate "HELP" command 
Paete py one would specify the ccmmand and/or command argu- 
ment where help is needed, might Le easier to accomplish. 
One or two additional granmars would be reguired on the 
Wenovex 3000 but there 1S room for that. Creation of such 


— 


graamars would also facilitate implementing the "CANCEL" 
GOk@and of NWISS which is not implemented currently. 

There will be some who criticize tne jrammar boundaries 
as €itner being misplaced or just too "discrete", Either 
Seteie~sm cculd well be valid: mispiacements can be 
corrected to some extent but the length or pauses for 
SGdmm@ar cLoOuncaries will be more dirtficult. Only faster 
processors ani faster, larger memories can solve this 
propien. The Verbex 3000 represents tne state of the art 
(SGeummerCidliy) today in terms of afZtordable continuous voice 
recognition tecnnology. 

Sometime in the foreseeaple future men will talk natu- 
rally to machines and machines wili talk back in clear, 


understandarle prose. Obviously tne NWISS continuous voice 
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MegebGdtton as far removed Erom that Scenario, but it repre- 
sents one of many steps which must be taken. To the extent 
that computer-aided wargames such as NWISS entail a high 
degree of Man-machine interaction and model the real werld 
where military decision makers must make real tine decisions 
in consort with a computer, they serve the purpose of 
promoting man-computer symbiosis. Hopefully this demonstra- 
tron Of COntInuoUs voice recognition technology will form a 
Pouca t eoteuOrTURtHeCE study my OtnerS AntG ats £uil possi- 


Pebitrves im advancing the state of Man-machine interaction. 
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